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( 57 ) ABSTRACT 
A manufacturing method of a casing of an electronic device 
including the following steps is provided . First , a casing 
body is formed by an injection molding technology , and the 
casing body includes a button portion . Thereafter , a sensing 
assembly is electroplated on an inner surface of the casing 
body . The sensing assembly includes a first conductive line 
and two first contacts . The first conductive line forms a strain 
sensing pattern on the button portion , and the two first 
contacts connect to two ends of the first conductive line , 
respectively . 

4 Claims , 7 Drawing Sheets 

190 119 
112 

- 1220 
- 112 124 AM - 134 

116 132042 116 116 

132 130 
Siis a nt . . 

w ww 

WAWA W . . 

www . . SHOES BP 
w w wwwwwww . . . . . . . . . 

Whem 1 with 

140 142 118 132a 142 918 



US 10 , 113 , 243 B2 
Page 2 

2014 / 0062799 A1 * ( 51 ) Int . Cl . 
G06F 1 / 18 
C25D 7700 

( 2006 . 01 ) 
( 2006 . 01 ) 

3 / 2014 Sutherland . . . . . . . . . . . HO1Q 1 / 2266 
29 / 601 

11 / 2014 Shah et al . 
8 / 2015 Petcavich et al . 

2014 / 0331741 A1 
2015 / 0242012 AL 

FOREIGN PATENT DOCUMENTS 
( 56 ) References Cited 

U . S . PATENT DOCUMENTS 
JP 
TW 
TW 

2001283679 
226753 

201202902 

10 / 2001 
7 / 1994 
1 / 2012 

8 , 780 , 537 B2 
2006 / 0021453 A1 
2006 / 0171104 A1 * OTHER PUBLICATIONS 

2006 / 0176280 AL 
2010 / 0061055 Al 
2012 / 0217145 AL 
2013 / 0146661 A1 
2013 / 0215056 A1 * 

7 / 2014 Sokola et al . 
2 / 2006 Kutlu 
8 / 2006 Vayssiere . . . . . . . . . . . . . . G06F 1 / 1626 

361 / 679 . 21 
8 / 2006 Griffin 
3 / 2010 Dabov et al . 
8 / 2012 Yi et al . 
6 / 2013 Melbrod et al . 
8 / 2013 Johansson GOIR 27 / 14 

345 / 173 

" Office Action of US Parent Application ” , dated Feb . 16 , 2016 , p . 
1 - p . 19 , in which the listed references ( Ref . 1 - 7 ) were cited . 
“ Office Action of Taiwan Counterpart Application ” , dated May 5 , 
2016 , p . 1 - p . 6 , in which the listed references ( Ref . 1 , 8 - 10 ) were 
cited . 

. . . . . . . . . . . 

* cited by examiner 



atent Oct . 30 , 2018 Sheet 1 of 7 US 10 , 113 , 243 B2 

110c 

FIG . 1 



atent Oct . 30 , 2018 Sheet 2 of 7 US 10 , 113 , 243 B2 

110 116 124 / 120 
HT 118 IMAGES 

- 114 Un VAPHY DARA SCHAP 
D 

M 

* 130 r 132 " 
142 

a 

FIG . 2 



atent Oct . 30 , 2018 Sheet 3 of 7 US 10 , 113 , 243 B2 

— 1220 
112 

1320 116 

$ 130 w 

www 

140 142 118 1320 

FIG . 3A 



U . S . Patent Oct . 30 , 2018 Sheet 4 of 7 US 10 , 113 , 243 B2 

132 
110e 110d 

FIG . 3B 

134 
110e 

1100 

7 118 

FIG . 30 



U . S . Patent Oct . 30 , 2018 Sheet 5 of 7 US 10 , 113 , 243 B2 

119 

VIL 
PARUH 

142 118 

FIG . 4A 



U . S . Patent Oct . 30 , 2018 Sheet 6 of 7 US 10 , 113 , 243 B2 

132 
110e 

119 _ 11004 VIVER ORIIN 
I d 7 110 id 

& 

2000 
w 

FIG . 4B 

119 110d 110e 134 119 

7118 

FIG . 4C 



nt Oct . 30 , 2018 Sheet 7 of 7 US 10 , 113 , 243 B2 

118 

L 

FIG . 5 



US 10 , 113 , 243 B2 

MANUFACTURING METHOD OF CASING sensing pattern on the button portion , and the two first 
OF ELECTRONIC DEVICE contacts connect to two ends of the first conductive line , 

respectively . 
CROSS - REFERENCE TO RELATED Based on above , the strain sensing assembly is manufac 

APPLICATION 5 tured on inner side of the button portion of the casing body 
( i . e . , buttons ) by a laser direct structuring ( LDS ) according 

This application is a divisional application of and claims to the application , such that the functions of the buttons may 
the priority benefit of U . S . application Ser . No . 14 / 155 , 355 , be realized by the user pressing the button portion of the 
filed on Jan . 15 , 2014 , now U . S . Pat . No . 9 , 464 , 360 . The casing body . In other words , the application is capable of 
entirety of the above - mentioned patent application is hereby 10 realizing the functions of the buttons without disposing the 
incorporated by reference herein and made a part of this buttons or other independent sensing elements additionally 
specification . on the casing of the electronic device . As results , processing 

steps may be significantly simplified ; assembly time may be 
BACKGROUND OF THE INVENTION reduced ; manufacturing costs may be lowered , and assembly 

15 yield may be improved . On the other hand , there is no gap 
Field of the Invention between the casing body and regions that realize the func 
The application generally relates to a manufacturing tions of the buttons since the electronic device of the 

method of a casing of an electronic device , and more application adopts the seamless button design , not only is 
particularly , to a manufacturing method of a casing of an integrity on external appearance of the electronic device 
electronic having seamless button design device . 20 maintained , dust and moisture are also prevented from 

Description of Related Art entering inside the electronic device thereby ensuring life 
In recent years , technology products are mainly devel - time and reliability of the electronic device . 

oped to satisfy public demands in mobility and functionality , To make the above features and advantages of the present 
and that is why portable electronic devices such as personal application more comprehensible , several embodiments 
digital assistants ( PDA ) , smart mobile phones , tablet PCs , 25 accompanied with drawings are described in detail as fol 
and notebook ( NB ) have become mainstream in the market lows . 
nowadays . 

Generally , a portable electronic device is usually included BRIEF DESCRIPTION OF THE DRAWINGS 
with buttons disposed on a casing body , and switch elements 
corresponding to the buttons are provided inside the casing 30 FIG . 1 is a schematic view of an electronic device 
body . The buttons and the switch elements are coupled to according to an embodiment of the application . 
each another , and the switch elements are controlled by FIG . 2 is a schematic view of the casing depicted in FIG . 
pressing the buttons , so as to achieve functions such as 1 . 
power switch , volume control , image capturing , or scroll FIG . 3A is a partially enlarged view of the casing depicted 
control of display page . Therefore , the casing body of the 35 in FIG . 2 . 
portable electronic device is required to include external FIG . 3B is a cross - sectional view of the casing depicted 
openings correspondingly for disposing the button , so as in FIG . 3A taken along a sectional line I - I . 
facilitate user in operations . FIG . 3C is a cross - sectional view of the casing depicted 
However , above - said disposing method may cause exces - in FIG . 3A taken along a sectional line J - J . 

sive waste of disposing space inside the portable electronic 40 FIG . 4A is a schematic view of the protective layer coated 
device , and an assembly process thereof is also more com - on the inner surface of the casing depicted in FIG . 3A . 
plex , leading to problems such as high in manufacturing FIG . 4B is a cross - sectional view of the casing depicted 
difficulty , long in process time , and low in assembly yield . in FIG . 4A taken along a sectional line A - A . 
On the other hand , dust and moisture may easily enter inside FIG . 4C is a cross - sectional view of the casing depicted 
the portable electronic device through gaps between the 45 in FIG . 4A taken along a sectional line B - B . 
buttons and the external openings to significantly reduce FIG . 5 is a partially enlarged view of the electronic device 
lifetime of electronic elements , and affect normal operating depicted in FIG . 1 . 
functions thereof . 

DESCRIPTION OF THE EMBODIMENTS 
SUMMARY OF THE INVENTION 50 

FIG . 1 is a schematic view of an electronic device 
The application is directed to a manufacturing method of according to an embodiment of the application . FIG . 2 is a 

a casing of an electronic device , capable of simplifying schematic view of the casing depicted in FIG . 1 . FIG . 3A is 
processing steps , reducing assembly time , lowering manu a partially enlarged view of the casing depicted in FIG . 2 . 
facturing costs and improving assembly yield , as well as 55 Referring to FIG . 1 to FIG . 3A , in the present embodiment , 
achieving the seamless button design , such that integrity on an electronic device 50 includes a body 60 and a casing 100 . 
external appearance of the electronic device is maintained . The casing 100 encases the body 60 . The casing 100 
and dust and moisture are also prevented from entering includes a casing body 110 and sensing assemblies 120 and 
inside the electronic device thereby ensuring lifetime and 130 . The casing body 110 includes button portions 112 and 
reliability of the electronic device . 60 114 . The sensing assembly 120 includes a first conductive 

A manufacturing method of a casing of an electronic line 122 and two first contacts 124 , and the sensing assembly 
device is proposed by the application . First , a casing body is 130 includes a first conductive line 132 and two first contacts 
formed by an injection molding technology , and the casing 134 . The first conductive lines 122 and 132 are disposed on 
body includes a button portion . Thereafter , a sensing assem - an inner surface of the casing body 110 , and the first 
bly is electroplated on an inner surface of the casing body . 65 conductive lines 122 and 132 form strain sensing patterns 
The sensing assembly includes a first conductive line and 122a and 132a on the button portions 112 and 114 , respec 
two first contacts . The first conductive line forms a strain tively . The first contacts 124 and 134 are disposed on the 
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inner surface of the casing body 110 , and connected to two electroplating metal layer 110e ( as shown in FIG . 3B and 
ends of the first conductive lines 122 and 132 , respectively . FIG . 3C , respectively ) , and may be fixed stably on the casing 
The first contacts 124 and 134 are electrically connected to body 110 by the microstructures on the roughened inner 
the body 60 , respectively . The strain sensing patterns 122a surface . Up to this stage , the manufacture of the casing 100 
and 132a are adapted to result a resistance variation accom - 5 is substantially completed . 
panied with a deformation of the button portions 112 and Herein , the strain sensing patterns 122a and 132a respec 
114 , respectively when the button portions 112 and 114 are tively formed by the first conductive lines 122 and 132 
deformed , so as to generate an electrical signal . More for example , grid patterns arranged in a zigzag manner . specifically , the casing body 110 includes a base 110a and a Further , in comparison with a common strain gauge having F 
sidewall 110b stood around the base 110a , in which the 10 a thickness approximately between 200 um to 300 um , a button portions 112 and 114 are located on the sidewall thickness of the sensing assemblies 120 and 130 is approxi 110b , and the first contacts 124 and 134 are located on the mately between 0 . 5 um to 50 um , which is more in line with base 110a , for example . 

Generally , the electronic device 50 is , for example , a design requirements in miniaturization of the existing elec 
smart phone , a PDA , a table PC , and the casing body 110 of 15 tronic produc 
the casing 100 is , for example , a plastic casing body or a In the present embodiment , the casing 100 further 
carbon fiber casing body , or a complex casing body com - includes a second conductive line and second contacts 142 , 
posed of plastic and metal . On the other hand , a material of and the second conductive line is , for example , an antenna 
the sensing assemblies 120 and 130 may be , for example , a coil 140 . The antenna coil 140 is disposed on the inner 
metal with favorable conductivity such as copper , nickel or 20 surface of the casing body 110 . The second contacts 142 are 
silver , which may be formed on the inner surface of the connected to two ends of the antenna coil 140 , respectively . 
casing body 110 by a laser direct structuring ( LDS ) tech More specifically , a material of the antenna coil 140 and the 
nology . The laser direct structuring ( LDS ) technology refers second contacts 142 may also be , for example , a metal with 
to a manufacturing technology with 3D - Molded Intercon - favorable conductivity such as copper , nickel or silver , 
nect Device ( 3D - MID ) of laser processing , injection mold - 25 which may be formed on the inner surface of the casing body 
ing and electroplating process . Such manufacturing technol - 110 by the laser direct structuring ( LDS ) technology . 
ogy is usually applied in fields of handset antenna , In other words , the antenna coil 140 and the second 
automotive electronic circuit , ATM casing and medical contacts 142 may be formed on the inner surface of the 
hearing aid . casing body 110 while electroplating the sensing assemblies 

A manufacturing method of said casing having the sens - 30 120 and 130 on the inner surface of the casing body 110 by 
ing assemblies 120 and 130 is roughly described as follows . using a manufacturing method identical to the method of 
First , the casing body 110 is formed by an injection molding electroplating the sensing assemblies 120 and 130 on the 
technology , and the button portions 112 and 114 are defined inner surface of the casing body 110 . Accordingly , the 
on the casing body 110 . In the subsequent processes , the antenna coil 140 and the second contacts 142 may also 
sensing assemblies 120 and 130 are electroplated on the 35 include said two layers of the seed metal layer 110d and the 
inner surface of the casing body 110 corresponding to the electroplating metal layer 110e as shown in FIG . 3B and 
button portions 112 and 114 , in which a wiring layout and a FIG . 3C , and a thickness thereof is approximately between 
disposition of the sensing assemblies 120 and 130 may refer 0 . 5 um to 50 um . 
to aforesaid description which is omitted herein . In the present embodiment , the casing body 110 includes 

Further description regarding a method of electroplating 40 blocks 116 and 118 . Generally , the blocks 116 and 118 are 
the sensing assemblies 120 and 130 on the casing body 110 integrally formed with the casing body 110 and protruded 
is provided as below . First , a roughening process ( e . g . , from the inner surface of the base 110a of the casing body 
activating the inner surface by using a method of laser 110 . The first contacts 124 and 134 are disposed on top 
activation ) is performed on the inner surface of the casing surfaces of the blocks 116 and 118 , respectively . The first 
body 110 , so as to facilitate the subsequent electroplating 45 conductive lines 122 and 132 further extend along the inner 
processes . Accordingly , the inner surface may include surface of the casing body 110 and respective lateral surface 
microstructures ( not illustrated ) corresponding to the sens of the blocks 116 and 118 to respective top surface of the 
ing assembly 120 ( including the first conductive line 122 blocks 116 and 118 , so as to connect to the first contacts 124 
and the first contacts 124 ) and the sensing assembly 130 and 134 , respectively . 
( including the first conductive line 132 and the first contacts 50 On the other hand , the second contacts 142 are , for 
134 ) , such that wirings and contacts formed in the subse - example , disposed on the top surface of the block 118 
quent processes may be fixed on the inner surface . together with the first contacts 134 , and the first conductive 

FIG . 3B is a cross - sectional view of the casing depicted line 132 and the antenna coil 140 respectively extend along 
in FIG . 3A taken along a sectional line I - I . FIG . 3C is a the inner surface of the casing body 110 and the lateral 
cross - sectional view of the casing depicted in FIG . 3A taken 55 surface of the block 118 to the top surface of the block 118 , 
along a sectional line J - J . Thereafter , the casing body 110 is so as to connect to the first contacts 134 and the second 
placed into a solution containing metal particles , and the contacts 142 , respectively . Naturally , in other possible 
metal particles may be metal ions of tin , silver , copper , embodiments , the disposition of the first contacts 124 and 
chromium or nickel , so that said metal particles may be 134 and the second contacts 142 may also be adjusted based 
attached to the roughened and activated inner surface , 60 on actual requirements . For instance , the second contacts 
thereby forming a seed metal layer 110d . Lastly , the casing 142 and the first contacts 124 are commonly disposed on the 
body 110 is placed into a plating solution , so as an electro - top surface of the block 116 , or the first contacts 124 and 134 
plating metal layer 110e is formed on the seed metal layer and the second contacts 142 are disposed on the same block . 
110d by electroplating ( e . g . , chemical plating ) . The electro - Or , the first contacts 124 and 134 and the second contacts 
plating metal layer 110e is attached to the seed metal layer 65 142 are respectively disposed on the top surfaces of different 
110d , and the sensing assemblies 120 and 130 may include blocks , but the application is not limited to the above . More 
said two layers of the seed metal layer 110d and the specifically , the block may be designed to increase a dispo 
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sition height of said contacts , so that electrical connections constituted by the same material , structural strengths or 
between the contacts and the body may be more reliable . rigidities of the other adjacent portions of the casing body 

Referring back to FIG . 1 to FIG . 3A , in the present 110 may be distinguished by changing the thickness of the 
embodiment , the sensing assemblies 120 and 130 are dis - casing body 110 . In other words , a greater deformation may 
posed in pairs on the casing body 110 . In addition , an outer 5 be provided by applying the same force on the button portion 
surface 110c of the casing body 110 corresponding to the 112 ( or 114 ) of the casing body 110 with the thinner 
button portions 112 and 114 of the sensing assemblies 120 thickness to improve a sensitivity of the sensing assemblies 
and 130 are served as a pressing region P for a set of buttons . 120 and 130 . 
More specifically , a rigidity of the button portions 112 and FIG . 4A is a schematic view of the protective layer coated 
114 of the casing body 110 corresponding to the sensing 10 on the inner surface of the casing depicted in FIG . 3A . FIG . 
assemblies 120 and 130 is less than rigidities of other 4B is a cross - sectional view of the casing depicted in FIG . 
adjacent portions of the casing body 110 . Therein , the 4A taken along a sectional line A - A . FIG . 4C is a cross 
rigidity refers to modulus of elasticity or bending stiffness . sectional view of the casing depicted in FIG . 4A taken along 
In other words , when the same force is applied to the button a sectional line B - B . Referring to FIG . 4A , in the present 
portion 112 of the casing body 110 corresponding to the 15 embodiment , the casing body 110 further includes a protec 
sensing assembly 120 or the button portion 114 correspond - tive layer 119 . The protective layer 119 is coated on the inner 
ing to the sensing assembly 130 ( i . e . , the pressing region P ) surface of the casing body 110 to cover the first conductive 
and the other adjacent portions of the casing body 110 , a lines 122 and 132 and the antenna coil 140 ( not illustrated ) , 
relatively greater deformation may be provided at the button and to expose the first contacts 124 and 134 and the second 
portion 112 corresponding to the sensing assembly 120 ( or 20 contacts 142 . More specifically , the protective layer 119 may 
the button portion 114 corresponding to the sensing assem - avoid signal interferences between circuits on the casing 
bly 130 ) of the casing body 110 . At the time , the strain body 110 and also prevent the circuits from oxidation . A 
sensing pattern 122a of the button portion 112 or the strain material of the protective layer 19 is , for example , silicon 
sensing pattern 132a of the button portion 114 are , for oxide , silicon nitride , silicon oxynitride , non - conductive 
example , in a stretching state . Accordingly , the first conduc - 25 plastic or non - conductive high - molecular material . 
tive line 122 of the button portion 112 or the first conductive Referring to FIG . 4B and FIG . 4C , after the sensing 
line 124 of the button portion 114 becomes narrower and assemblies 120 and 130 , the antenna coil 140 and the second 
longer , such that the strain sensing pattern 122a of the button contacts 142 are formed on the inner surface of the casing 
portion 112 or the strain sensing pattern 132a of the button body by the laser direct structuring technology , the protec 
portion 114 may result the resistance variation accompanied 30 tive layer 119 is , for example , fully coated on the inner 
with the deformation of the casing body 110 , so as to surface of the casing body 110 . Taking the sensing assembly 
generate the electrical signal . 130 as an example , the protective layer 119 may vary along 
When the body 60 detects the electrical signal , a control with a rugged surface between the first conductive line 132 

unit ( not illustrated ) disposed in the body 60 may generate and the casing body 110 . Naturally , the protective layer 119 
a control signal according to the electrical signal , so as to 35 also covers on the top surface of the 118 , in which a 
control the electronic device 50 to execute the corresponding thickness of the protective layer 119 is under a principle of 
operating functions . More specifically , the sensing assem not exceeding the height of the first contacts 134 . 
blies 120 and 130 may be units relating to volume control , FIG . 5 is a partially enlarged view of the electronic device 
and may also be elements relating to functions such as power depicted in FIG . 1 . Referring to FIG . 4A and FIG . 5 , in the 
switch , image capturing , or scroll control of display page . It 40 present embodiment , the body 60 includes a circuit board 62 
should be noted that , in comparison with design of capaci - and a plurality of elastic contacts 64 . The elastic contacts 64 
tive button , the seamless button design with the strain are disposed on the circuit board 62 , and the elastic contacts 
sensing pattern provided in the application is capable of 64 are propped against the first contacts 124 and 134 , 
significantly decreasing a chance for being accidentally respectively . Generally , the elastic contacts 64 are , for 
touched by the user . 45 example , conductive springs fixed on a plurality of pads 62a 

On the other hand , the electrical signal may react to a on the circuit board 62 by using methods such soldering , 
degree of the deformation of the corresponding strain sens - locking or embedding . More specifically , when the body 60 
ing pattern 122a ( or 132a ) after the force is applied by the and the casing 100 are engaged to each other , the elastic 
user on the button portions 112 ( or 114 ) . In other words , contacts 64 are , for example , in a compressing state , so as to 
when the user continuously applies the force on the button 50 effectively ensure the electrical connection between the first 
portion 112 ( or 114 ) , as the force of pressing gets greater , the contacts 124 and 134 and the circuit board 62 . 
corresponding strain sensing pattern 122a ( or 132a ) results In summary , in the casing of the application and the 
the resistance variation accompanied with the deformation electronic device applying such casing , strain sensing 
of the casing body 110 , such that the electrical signal may assembly is formed on inner side of the button portions of 
then generated in continuous . At the time , in addition to be 55 the casing body ( i . e . , buttons ) by the laser direct structuring 
used as a switch , the strain sensing pattern 122a ( or 132a ) ( LDS ) which is the manufacturing technology with 
may further be used as a controller with continuity . For 3D - Molded Interconnect Device ( 3D - MID ) of laser process 
instance , it may be applied in mobile phone software ( e . g . , ing , injection molding and electroplating process , so as to 
browser ) for scroll control of display page . Accordingly , achieve the seamless button design . Further , the antenna coil 
when the user continuously applies the force on the button 60 may also be manufactured while manufacturing the strain 
portion 112 ( or 114 ) , as the force of pressing gets greater , a sensing assembly . As results , processing steps may be sig 
speed for scroll control of displaying page may be increased , nificantly simplified ; assembly time may be reduced ; manu 
so as to improve flexibility for the user in operations . facturing costs may be lowered ; and assembly yield rate may 

In the present embodiment , a thickness of the button be improved . In addition , there is no gap between the casing 
portion 112 ( or 114 ) of the casing body 110 is , for example , 65 body and the button portions since the electronic device of 
less than thicknesses of other adjacent portions of the casing the application adopts the seamless button design , not only 
body 110 . In other words , in case the casing body 110 is is integrity on external appearance of the electronic device 
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maintained , dust and moist are also prevented from entering 
inside the electronic device thereby ensuring lifetime and 
reliability of the electronic device . 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of 5 
the present application without departing from the scope or 
spirit of the present application . In view of the foregoing , it 
is intended that the present application cover modifications 
and variations of this application provided they fall within 
the scope of the following claims and their equivalents . 10 
What is claimed is : 
1 . A manufacturing method of a casing of an electronic 

device , comprising : 
forming a shell by an injection molding technology , and 

the shell comprising a button portion ; and 
electroplating a sensing assembly on an inner surface of 

the shell , the sensing assembly comprising a first con 
ductive line and two first contacts , wherein the first 
conductive line forms a strain sensing pattern on the 
button portion , and the two first contacts connect to two 20 
ends of the first conductive line , respectively ; and 

forming a protective layer on the inner surface of the 
shell , and the protective layer covers the first conduc 
tive line and exposes the two first contacts . 

2 . The manufacturing method of the casing of the elec 
tronic device as recited in claim 1 , wherein the step of 
electroplating the sensing assembly on the inner surface of 
the shell comprises : 
performing a roughening process on the inner surface of 

the shell and the roughening process comprises acti 
vating the inner surface of the shell ; 

forming a seed metal layer on the inner surface ; and 
electroplating an electroplating metal layer on the seed 
metal layer , wherein the sensing assembly comprises 
the seed metal layer and the electroplating metal layer . 

3 . The manufacturing method of the casing of the elec 
tronic device as recited in claim 2 , wherein while electro 
plating the sensing assembly on the inner surface of the 
shell , electroplating a second conductive line and two sec 
ond contacts , wherein the second conductive line is an 
antenna coil , and the two second contacts connect to two 
ends of the antenna coil , respectively . 

4 . The manufacturing method of the casing of the elec 
tronic device as recited in claim 2 , wherein a material of the 
seed metal layer comprises tin , silver , copper , chromium or 
nickel . 


